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JPIgPKNSTKG Appftp^y^^,. 

atomisers . 

It is known to produce « .treaia or liouid 

vibration. The six. of droplet produced win depend 
upon t^e I^ole si.. „^ ^^^^^^^ ^^^-^ 

thickness or Ux. «.e«br.ne will tend to be or the same 

It r « ^« -i". Con..<3uently 

it has hitherto not been practicable to use such 
apparatus for the production or an atomised spray ror 

in applications such as medical imaalers where 
for example droplet size or less than lo microns may 
be requir«d, ^ 

Xt is known rrom Us-4533082 to provide 
dispensing apparatus comprising a housing derining a 
Chamber receiving in use a guantity or llgu.d to L 

t J^TllA comprising a perrorate member 

Which derines a rront wall or the chamber and which 
ha. a rear race contacted by liquid i„ use, the 
apparatus rurther comprising vibrating mean, 
connected to 'the housing and operable to vihrate the 
Perforate membrane to dispense droplets or liquid 
through the perrorate membrane, 

*K K invention is characterised in that 

the housing comprises an annular member having a 
relatively thin inner annular portion connected to 

^^nurrr**':!: ""^""^ * -l-tively thick outer 

annular portion connected to the vibrating means. 

vi.. .."^ "^vantage or this arrangement is that the 
vxbratlng me™ i. presented with . relatively nigh 
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acoustic Impedance compared with a relatively low 
impedance found in the inner annular portion so that 
the amplitude of vibration transmitted to the 
perforate member is amplified during transmission of 
transverse acoustic waves through the annular member. 

An efficient arrangement is thereby attainable 
when vibrating the perforate membrane at the higher 
frequencies favoured for the production of smaller 
droplets . 

Preferably the annular member comprises a disc 
defining a central aperture bounded by the inner 
annular portion and traversed by the perforate 
aembrane and wherein the thickness of the disc tapers 
in a radially inward direction. 

such a disc may be regarded as an impedance 
transformer in which the outer annular portion is 
matched in impedance to a vibrating means such as a 
piezoelectric transducer and the inner annulir 
portion is matched in impedance to the perforate 
aembrane. 

Advantageously the disc has front and rear 
faces Which converge at an angle of taper which 
varies with radius such that the inner annular 
portion has a smaller angle of taper than that of the 
. outer annular portion. 

The perforate membrane may comprise a sheet 
defining an a^ay of holes through which liquid is 
dispensed in use and may include support means 
supporting the sheet comprising a grid of support 
elements* 

such support means has the advantage of 
providing stiffness to sheets which may be formed of 
very thin material in order to facilitate the 
provision of correspondingly small hole diameters. 
A further surprising advantage is that the proportion 
of holes which dispense droplets is enhanced by the 



pr.,.„c. or .uppor,: ^„ ^ 

ll>c.ly to al,p.„. d,opX.t, «..„ would othervi,. b. 

5 conveniently the support ele»ent, are ronned 

integrally vith the .heet and comprise thic,c.n«a 
portloas ther«of . 

Prererably the .upport »eane coapriee. a 
Plurality ot clrcumrer«,tlally .paced radially 
10 extending elements connected to an annular support 
•lenen« defining a central portion or the sheet. 

such an arrangement 1. believed to operate acre 
efrectlveiy than mapport means In which the radially 
extending elements meet at a central location of the 
Sheet. The central portion of the sheet defined toy 
the annular support element is found to operate 
efficiently In the production of droplets. 

Preferably at lea.t a front face o£ the 
perforate membrane comprises a liquid repelLnt 
20 surface. A suitable surface coating may 

conveniently be applied to the membrane to render the 
surface liquid repellant. 

Efficient dispensing operation requires that 
the front face of the membrane should not be wetted 
by the liquid. The use of a liquid repellant 
surface coating Inhibit, such wetting and thereby 
laprovea efficiency. . 

conveniently the vibrating means comprises a 
transducer removably connected to the housing whereby 
in use a housing from which liquid has been dispensed 
«n be replaced by a further housing charged with 
liqulde 

Advantageously the perforate membrane defines 
an array of holes each provided with a flared mouth 
formed In the rear face of the membrane whereby the 
hole tapers in cross-section in a direction towards a 



The presMCtt of the taper facilitates the flow 
Of liquid particularly where the liquid to be 
dispeneed contains a particulate substance in 
suspenaion. The presence of the taper is believed 
to prevent dodging of the holes by accuanulation of 
particulate material. 

Prefer-ably the perforate aeabrane comprises an 
electroformed metal sheet. such sheets may be 
manufactured to any desired thickness and the size ■ 
and shape of holes can be controlled using a 
photographic process. . a result of such a process is 
the formation of tapered holes on one side of the 
sheet which has the particular advantage referred to 
above . 

Preferred embodiments of the present inventioia 
will now be described by way of example only and with 
reference to the accompanying drawings of which: - 

Figure X is « schematic section of a hand held 
dispensing apparatus; 

Figure 2 is a schematic section of the 
apparatus of Figure 1 connected to an electronic 
control unit; 

Figure 3 is a sectional elevation of the spray 
head of the apparatus of Figures 1 and 2; 

Figures 4, 6 and 7 are sectional elevations 
of further alternative spray heads; 

Figure 8 is a view of the rear face of a 
perforate membrane for use in a spray head of any of 
the preceding figures; 

Figure 9 is a sectioned elevation of a 
perforate sheet portion of the perforate membrane of 
Figure 8; and 

Figure XO is a plan view of a perforate sheet 
portion of the perforate membrane of Figure 8. 

Figure 1 shows dispensing apparatus 1 which is 
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• hand held Inhaler Tor medical use. Apparatus i 

liquid 4 to be dlep«nsed. 

THe hou.ln, 2 1, »ount:ed on a hand held ca.lncr 
5 Within Which located an electronic control 

Circuit 6 and ba^^ar-±M y ^ 

*^«»wt«i-ie« 7. An •lectro acoustic 

transducer 8 of the pi.zoel.ctrlc type 1. counted on 
the hou-lng 2 and 1. powered and controll«i by the 
control circuit 6. mouthpiece 9 fit, .lidably on 
the casing 5 and movement of the mouthpiece » 
relative to the ca.ing actuates an on-off .witch 10. 

The detailed construction of the housing 2 .„d 
transducer 8 can be seen from ri^. 3 . . 
comprises a disc 11 having a central aperture 12 with 
a thin perforate membrane 13 bonded to the disc so as 
to overlay the aperture. The construction of « 
suitable membrane 13 1. described below with' 
reference to Figure. 8 and 9. The membrane" 13 1. 
perforated by a large number of holes as of which 
only s few are included in rigure 3 by way of 
.cheaatlc repre.entatlon. The disc 11 has a flat 
*ront face 14 and « frusto-conical rear face 15 so 
that the disc tapers linearly in thickness in the 
radially inward direction towards the perforate 
25 nembrana 13. 

rnie disc 11 has a periphery 16 from which 
projects rearwardly a tubular portion 17 

Which 'T'f"' ' • circular base is 

Which fits within the tubular portion 17 so that a 
30 Chamber 3 l. defined between the base .„d the disc 

11. The base 18 has a front face is having a central 
recess 20 such that the chamber 3 is deepest in the 
region adjacent to the membrane 13. 

An annular rib 21 is formed on the base is 
peripherally of the front face 19 and locates in an 
annular groove 22 formed in the disc 11 thereby 
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.•allng the chamber 3. An annular space 29 i, formed 
between the tubular portion 17 and the base la. 

The transducer « le « circular ring 
piazoelectric element «d is bonded to a rearward end 
23 of tJie tubular portion 17. 

The transducer 8 i. arranged such that when 
•nergised with an alternating voltage the tran.duc-r 
expands aiid contracts radially to Impart an 
Ultrasonic vibration to the tubular portion 17. The 
thickness of the rearward end 23 (measured in the 
direction in which it is vibrated by the transducer; 
is considerably thicker than the thickness of the 
disc 11 at the point, of contact with the membrane 
13. The disc IX flexes in response to radially 
outward movement of the transducer by pivotal action 
about the annular rib 21 so as to move the membrane. 
13 axially towards the base 18. On radial 
contraction of the transducer 8 pivotal action about 
the rib 21 causes flexure of the disc so as to move 
2 0 the membrane 13 away from the base 18. At ultrasonic 
rrequencies however the movement of the disc 11 can . 
be characterised more in terms of transmission of 
transverse acoustic wave motion in a direction 
radially inward through the disc 11. The effect of 
tha taper present in the shape of the disc li results 
in the amplitude of such transverse vibrations 
increasing progressively in the radially inward 
direction to thereby maximise the axial displacement 
of the membrane 13. The increase in amplitude is 
associated with the decreasing impedance of the disc 
11 in the radially inward direction. 

In use to dispense liquid, the apparatus i is 
held in an orientation in which liquid 4 is in 
contact with the rear surface 24 of the perforate 
35 membrane 13. Prior to actuation of the transducer 8 
there will generally be no loss of liquid through the 
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hol.s 23 in th« »«abrane 13 since a liquid surrace 
roraed in the holes will generally have surricient 
surface tension to resist the outflow of liquid. 
Dispensing operation is coamenced by the user 
5 actuating the switch 10 so that the transducer 8 i. 
energised to vibrate at ultrasonic frequency. This 
vibration is conducted by the disc ix to the 
perforate membrane X3. During reervard motion of the 
vibrating membrane 13 .n instantaneous pressure rise 
10 in the liquid adjacent to the meabrane will result in 
the surface tension being overcome and droplets of 
liquid being ejected through the holes 25. 

A fine mist of atomised liquid is dispensed 
through the membrane 13 into the mouthpiece 9 and is 
15 inhaled by the user. 

The apparatus i is shown £n its normal 
orientation for oral dispensing in which the. membrane 
13 is approximately vertical. 

Continued operation will deplete the quantity 
20 of liquid within the Chamber 4 so that eventually 

dispensing will no longer be possible once there is 
no liquid in contact with the rear surface 24 of the 
membrane 13. The recess 20 in the base 18 ensures 
that the bulk Of the liquid is stored adjacent to the 
!5 membrane 13 to thereby minimise the amount of liquid 
wastage which occurs when there is insufficient 
liquid remaining in the chamber 3 for dispensing 
operation to continue. 

The apparatus l may be programmed to deliver a 
o predetermined dose of atomised liquid by means of a 
timer within the control circuit 6 which allows the 
transducer 8 to be energised for . predetermined time 
period. The control circuit 6 may be programmed by 
means of en electronic control unit 2 6 as shown 
5 schematically in Figure 2, the control unit having a 
keyboard 27 for the input of data. 
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One. th^ supply of liquid 4 la exhaustad or 
d«pl«ted to th% extant o« being unusable a 
replacement housing 2 can be fitted to the casing 5 
and containing a nev supply of liguid. 

The housing 2 Is arranged to be received as a 
eliding fit within tbe tr«n«lucei- 8 for eas« of 
replaceaent. 

The housing 2 and the transducer 8 together 
comprise a .pray head 28. An alternative .pray head 
30 as shovn in Figure 4 will now be described. 
Corresponding reference numerals to those of 
preceding figures are us ad whera appropriate for 
corresponding elements. 

Tha altamatlve spray haad 30 haa a base X8 
Includiniy an annular flange 31 constituting a side 
wall of the chamber 4. The flange 31 has a lip 32 to 
Which the disc 11 i» bonded such that a peripheral 
portion 33 of the disc projects radially outward from 
the flange 31. 

The base 18 of the alternative spray head 30 
includes a radially projecting portion 34 and a 
piezoelectric transducer 8 is located outboard of the 
flange 31 in contact with the peripheral portion 33 
Of the disc XX and the radially projecting portion 34 
23 Of the base 18. The transducer 8 is of a type 
producing axial expansion and contraction when 
energised such that when actuated by the control 
circuit 6 it produces an ultrasonic vibration of the 
peripheral portion "iir 

This vibration is communicated by pivotal 
action about the lip 3Z to the perforate membrane 
13. Ultrasonic transverse waves transmitted radially 
inwardly through the disc ii are amplified by virtue 
of a linear taper of the disc 11. 

Liquid 4 in contact with the rear surface of 
tbe membrane 13 is dispensed through holes 23 as a 
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tlnm atoaiaad nls^. 

A further alternative spray head 40i. ,bovn In 
Figure S and will b« d..cribed ualng reference 
numerals corresponding to tho.. of prevlou. figure, 
vhara appropriata for corrasponding elements. 

Tha spray haad 40 includes a disc li having a 
Planar front f«ca 14 and a dished rear face 41. xhe 
rear face 41 is profiled «,ch that the thicXnes. of 
the disc 11 tapars radially inwardly in an 
approxlaately exponantial aanner. The disc li 
Includes a raarwardly extending tubular portion 42 
having en internal .urf.ee 43 which aerge. .aoothly 
vith the rear surface 41. a plate 44 is located 
within the tubular portion 42 so a- to constitute a 
raar wall of the chamber 4. A piezoelectric disc 
transducer 4S is bonded centrally to the plate 44 and 
is of a type which expands and contracts radially 
when energised. 

in use the transducer 45 is energised so as to 
vibrate radially at ultrasonic frequencies and this 
vibration is coaaunicated through the plate 44 to the 
tubular portion 42. Transverse wave motion is 
propagated through the tubular portion in an axial 
direction and is conducted along a curved path 
following approxiaately the curvature of the rear 
surface 41 to vibrate the perforate membrane 13. The 
amplitude of this vibration is progressively 
amplified by virtue of the tapered thickness of the 
disc 11. 

The plate 44 and transducer 43 are renewable 
together with the disc 14 when a fresh housing 2 is 
fitted into an apparatus l with a fresh supply of 
liquid 4. ff^T'- 

A further alternative spray head 50 is shown in 
Figure 6 and is described with corresponding 
reference numerals to those of Figure 9 for 
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corresponding mlmmwt^ where appropriate. 

The -pray head 50 Includes a disc 11 having a 
dlched rear face 41 and a tubular portion 42. An 
Internal surface 43 of the tubular portion 42 Is 
5 stepped to provide a shoulder 51 against which a 
plate 44 is located and bonded. The plate 44 
supports a central disc transducer 45 arranged to 
radially vibrate the tMmbrane. 

The spray head 50 differs from the spray head 
10 40 of Figure 5 In that the tubular portion 42 is 
thinner In radial width than the corresponding 
tubular portion of Figure 5 and provides a shoulder 
51 for positively locating the plate 44. 

The thic3cnesa of the membrane 13 in the above 
15 apparatus can be typically in the range 1 to 80 

microns. The size of holes 25 can be typically of 
the range 1 to 200 microns depending on the required 
droplet size. The apparatus is however particularly 
useful in applications where small droplets are 
20 required such that the thickness of the membrane 13 
and the size of the holes 25 are less than 20 
microns. The membrane 13 may be provided with holes 
25 of uniform or non-uniform hole size depending on 
the required distribution of droplet size. 
25 A further alternative spray head 60 is shown in 

Figure 7 where corresponding reference numerals to 
those of previous figures are used where appropriate 
for corresponding elements. 

The spray head 60 has a disc 11 formed of 
30 aluminium alloy and having a circular planar front 
face 14 of 22mm diameter. An annular piezoelectric 
transducer Q havJLng an internal radius of 10mm is 
bonded to a peripheral portion 61 of the front face 
14 so as to be radially spaced from a circular 
35 central aperture 12 of the disc ii having a diameter 
of 4mm. 
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The disc 11 tapera In thickncs i„ th, radially 
invard direction such thar a „ar rac. i, ot disc 
11 has an outer annular port:ion 62 which tapars at a„ 
or 200 ralativ to tha front r«c. 14 whan 

63 Which tapers at a„ or loo relative to the 

planar rront fac. 14. The inner annular portion 63 
joins the outar annular portion 62 at a circular 
intarrac. 64 which is adjacent the radially inner 
10 edge 65 of the transducer 8. The transducer a 

thereby i. bonded to a relatively thicX outer portion 
««. A relatively slander inner portion 67 of the 
disc 11 defines the aperture 12. 

A perforate membrane 13 overlays the aperture 
12 and is bonded to an edge portion 66 of the inner 
portion 67. The perforate membrane 13 as shown in 
Figures 8 and 9 comprises a nicXel sheet 69 having an 
integrally formed support 70 in the shape of a grid 
having circular symmetry as shown in Figure 8. 

The support 70 comprises thickened elements 72, 
73 and 74 of the membrane 13 defining a series of 
apertures 71 which expose corresponding portions of 
the sheet 69. The support 70 has an outer annular 
element 72 which is coAnectcd to an inner annular 
clement 73 by radial elements 74 defining the 
apertures 71 therebetween. A central aperture 75 is 
defined within the inner annular element 73 thereby " 
•xposing a central portion 76 of the sheet 69. The 
»a«brane 13 is formed in an electroforming process in 
which nickel is electro-deposited on selected area. 
Of a substrate masked using a photographic process 
and the resulting sheet 69 is then detached from the 
substrate. The outer annular element 72 of the 
support 70 is bonded to the edge portion 68 so that 
vibration of the disc is conducted through the 
aupport to the sheet 69. 
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Tha B«mbr«ne 13 is coated in a liquid repall.nt: 
coating 80 uaing a coBmercially available surface 
treataent process in which eub-aiicron particles or 
polytetrariuroethylene are incorporated in a nicJcel 
phosphorous aatrix which is auto-catalytically 
applied to the nickel material of the sheet 69 and 
support 70. A small proportion of phosphorous 
co-deposited with the nickel enhances the corrosion 
resistance of the resulting finish. 

As shown in Figures 9 and 10 the sheet 69 
includes a regular array of circular holes 77 and has 

front face 78 to which the support 70 is bonded. . 
The sheet 69 has a rear face 79 which is normally 
contacted by liquid 4 and the holes 77 are flared 
such that the cross-section of each hole narrows in a 
^^^^^^i-on from the rear face 79 towards the front 
face 78. 

The resulting holes 77 in the sheet 69 are of 3 
microns diameter and 25 microns spacing. The 
resulting droplets are formed in the range 5 to 7 
microns when dispensing a pharmaceutical product in 
aqueous solution, this droplet size being suitable 
for delivery of atomised products to the lungs of a 
patient. A typical flow rate in the range lo to 20 



cubic millimetres per second is achieved, the flow 
rate being dependent on the power and frequency with 
which the transducer 8 is driven. 

The sheet 69 includes approximately isoo holes 
77 of Which only a proportion will emit droplets in 
30 use. Those of the holes 77 which do emit droplets 
tend to be concentrated in regions adjacent to the 
thickened elements 72, 73 and 74 and also in the 
central portion 76. The number of such holes 77 
which do emit droplets will also depend on the 
amplitude of vibration induced in the membrane 13 and 
in a typical example the proportion of holes which 
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•ttlt dropl«ta is aisou^ xo%. 

The size or tHe droplets produced is closely 
dependent on the diameter of the holes 77 so that for 
different epplicetion- it aay be necessary to use a 
5 sheet having different hole size. 

Apparatus in accordance vith the present 
Invention aay be used to dispense products in 
solution or suspension. PhAraaceutical product, 
will generally require the presence of a preservative 
10 in aqueous solution such as benzalkoniua chloride 

Which has a tendency to reduce the surface tension of 
th« rssultlng solution. When dispensing such 
solutions it is particularly important for the sheet 
69 to be treated with a liquid repellent coating and 
for the external surface of the sheet to be as smooth 
as possible in order to reduce the tendency of the 
solution to wet the external surface of the sheet. 
Alternative liquid repellent coatings nay be used 
such as silanes, fluorosllanea, aicronlsed Pm 
(polytetrafluoroethylena) particles and ptfe applied 
and heated in situ to form a conformal coating. 

The control circuit 6 includes a simple 
oscillator circuit arranged to drive the transducer a 
at a frequency typically in the range of 3KHz to XMHz 
selected to be at resonant frequency of the 
transducer in order to maximise efficiency. The 
resonant frequency of the transducer 8 is matched to 
that Of the disc 11 so a. to achieve maximum 
amplitude of vibration at the membrane 13. 

The Chamber 3 containing liquid 4 is a closed 
chamber which would not normally have any means of 
inducing excess pressure within the chamber. The 
emission of atomised spray droplets through the 
membrane 13 is achieved in the above embodiments 
solely by vibration of the membrane and not by 
supplying excess pressure to the liquid by other 
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The vltoration or tUie membrane X3 achieved by 
the apparatus or tAe present Invention does not rely 
on the transiaission through the liquid 4 or 
5 ultrasonic waves so that problems associated with 
cavitation in the liquid are avoided. 

TIi« apparatus win function in any orientation 
provided the level of liquid < in the chamber- 3 is 
•uch that liquid la maintained in contact with the 
10 rear surface 79 of the perforate aeabrane 13, 

The apparatus nay optionally be provided with a 
sensor responsive to inhalation by the user throuqh 
the mouthpiece. The control circuit may then be 
programmed to dispense only after commencement of 
IS inhalation has been sensed. 

Control circuitry for the apparatus may include 
a memory and microprocessor to monitor the ;• 
accumulative dispensed volume and control the 
duration of delivery and the time interval between 
20 successive deliveries. The apparatus may also 
optionally be provided with visual or audible 
indicators to provide indication of ror example 
elapsed time since last use, warning that the 
remaining liquid is nearly depleted and indication 
that the next dispensing cycle is due. 

The membrane may alternatively be provided with 
holes which are other than circular. The membrane 
may alternatively comprise a perforate sheet without 
having a support. Iftiere e membrane is provided with 
3 0 a support, the support may be other than of circular 
symmetry and may for example be in the form of a 
rectangular grid. 
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1. Dispensing apparatus coaprlsing a housing 
defining a chamber receiving in use a quantity or 
liquid to be dispensed, the housing comprising a 
perrorate ineabrane which defines « front wall of the 
Chamber end which ha, a rear face contacted by liquid 
in use, the apparatus further comprising vibrating 
means connected to the housing and operable to 
vibrate the perforate membrane to dispense droplets 
of liquid through the perforate membrane, wherein the 
housing comprises an annular member having a 
relatively thin inner annular portion connected to 
the perforate membran- and a relatively thiclc outer 
annular portion connected to the vibrating means. 

2. Dispensing apparatus as claimed in claim 1 
Wherein the annular member comprises a disc defining 
a central aperture bounded by the inner annular 
portion and traversed by the perforate membrane and 
wherein the thictaaess of the disc tapers in a 
radially inward direction. 

3. Dispensing apparatus as claimed in claim 2 
25 wherein the disc has front and rear faces which 

converge at an angle of taper which varies with 
radius such that the inner annular portion has a 
smaller angle of taper than that of the outer annular 
portion. ^— 
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4. Dispensing apparatus as claimed in any 
preceding claim wherein the perforate membrane 
comprises a sheet defining an array of holes through 
Which liquid is di«p«n««d In use and support: means 
supporting the sheet comprising a grid of support 
elements 



9. 



Dispensing «pp«rntU3 aa cl«ia«4 In claim 
vherein the support •loaent* are fonaed Integrally 
with the sheet and ctsapriae thickened portions 
thereof. 



«. Dispsnsing apparatus as cleiaed in any o£ 
claiau. 4 and 5 wherein the support means comprises a 
plurality or circumfarentially spaced radially 
extending elements connected to an annular support 
element defining a central portion ot the sheet. 

7. Dispensing apparatus as claimed in any 
preceding claim wherain at least a front face of the 
perforate membrane comprises a liquid repallant 
surface coating. 

«. Dispensing apparatus as claimed in any 
preceding claim wherein the vibrating means comprises 
a transducer removably connected to the housing 
Whereby in use a housing from which liquid has been 
dispensed can be replaced by a further housing 
charged with liquid. 

9. Dispensing apparatus as claimed in any 
preceding claim wherein the perforate membrane 
defines an array of holes each provided with a flared 
aouth formed in the rear face of the membrane whereby 
the hole tapers in cross-section in a direction 
towards a front face of the membrane. 

XO. Dispensing apparatus as claimed in any 
preceding claim wherein the perforate membrane 
comprises an electrof ormed metal sheet. 



Dispensing apparatus substantially as 
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hereinbefore disclosed with reference to end as shown 
in eny of the «cco»p«nying drawings. 
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